Aim-To investigate causes and clinical findings of non-tuberculous mycobacterial keratitis, and to study its response to topical antibiotic therapy and surgical extirpative keratectomy. Method-A single centre, retrospective review of22 patients with non-tuberculous mycobacterial keratitis seen in a 3 year period. Laboratory diagnoses were established with Ziehl-Nielsen acid fast staining and Lowenstein-Jensen cultures.
Results-In 20 patients (91%), there was an antecedent history of foreign body eye trauma (18 patients) Non-tuberculous or atypical mycobacteria are widespread in the environment' and were once thought to be non-pathogenic. Nontuberculous mycobacteria are now known to cause a variety of human diseases, including infections of the cornea. In 1965, Turner and Stinson' described the first case of nontuberculous mycobacterial keratitis in a corneal ulcer that developed 4 months after removal of a superficial foreign body; Mycobacterium fortuitum was identified as the aetiological agent of the ulcer. Topical fortified amikacin (14-100 mg/ml) is the drug of choice in the treatment of most non-tuberculous mycobacterial corneal infections. 4 Once the diagnosis was established by culture, our mainstay of treatment was topical amikacin 50 mg/ml hourly around the clock (20 patients). In one patient (case 5), only topical rifampin (30 mg/ml) was used, as drug sensitivity tests indicated a susceptibility to rifampin only. In another patient (case 11), only topical ciprofloxacin was used (once again in accordance with the drug sensitivity assay). Once the diagnosis of non-tuberculous mycobacterial keratitis was established by laboratory methods, antimicrobial therapy was altered appropriately. If the infection failed to respond to extirpative surgery and intensive antimicrobial therapy, a Gundersen conjunctival flap was performed (four patients). In all cases, the conjunctival flaps were successful in controlling the infection and stabilising the eye. The conjunctival flaps were taken down after 6 months, leaving corneas with varying degrees of scarring. One case eventually underwent a successful penetrating keratoplasty following takedown of the conjunctival flap (case 17).
Results

DEMOGRAPHICS AND CLINICAL HISTORY
The patients ranged in age from 20 to 66 years (median 38.5 years). The median follow up period was 18 months (range 3 months to 3.5 years). The majority (82%) of the patients were male. In 20 of the 22 patients (91%), there was an antecedent traumatic or surgical history. This subgroup of 20 patients was more specifically divided into 18 who had trauma and two who had surgery. All 18 trauma cases involved superficial corneal foreign body injuries, the majority with metallic agents (61%) and the remainder with mineral or vegetable matter. The two postsurgical corneal infections occurred within 1 year of elective eye surgeryone was associated with pterygium excision (bare sclera technique) (case 17) and the other was associated with a failed corneal graft (originally done for contact lens related Pseudomonas keratitis) (case 4).
Eighteen of 22 patients (82%) were male, paralleling the predominance of traumatic aetiologies in most cases. Twelve cases were associated with foreign body injuries incurred at work, thus illustrating the importance of this problem among the blue collar workforce and the need for enforcing adequate eye protection in the workplace. In the non-traumatic cases, one had chronic ocular surface disease associated with cicatricial pemphigoid (case 2) and the other had neurotrophic keratopathy after excision of a cerebropontine angle tumour (case 5).
Typically, the clinical symptoms and findings of corneal infection did not appear immediately after corneal injury. The time interval between onset of trauma and appearance of the corneal infection ranged from 3 days to 3 weeks. Time of diagnosis from the onset of keratitis ranged from 1 week to 2 months. Generally, as we gained more experience in the diagnosis and management of non-tuberculous mycobacterial keratitis, this latter time interval became shorter.
MICROBIOLOGY
Nineteen of 22 cases were culture positive for M chelonei, while three were culture positive for Mfortuitum. Typical histopathological findings are shown in Figure 1 .
In vitro minimal inhibitory concentrations (MIC) for amikacin in the 20 susceptible cases ranged from 9 to 15 gg/ml. In cases 5 and 1 1, the MIC indicated resistance to amikacin, but good sensitivity to either rifampin (case 5) or ciprofloxacin (case 11). Antibiotic resistance was indicated by the following criteria: (1) amikacin > 64 jg/ml, (2) rifampin 1 ,ug/ml, and (3) ciprofloxacin 0.8 ,ug/ml.
In total, keratectomies were performed in 15 out of 22 patients (68%). This included seven patients in whom the organisms showed good sensitivity in vitro to the antibiotics employed. In these patients, the infection was so severe and deep that drug therapy alone was not sufficient to eradicate the disease.
In some cases, the aetiology of keratitis was initially mistaken for fungus, herpes simplex, or Acanthamoeba, as the clinical findings were often masquerades for these agents. Poor clinical responses to therapy, together with negative fungal, viral, and parasitic laboratory studies, were helpful (albeit belatedly) in establishing the final correct diagnosis. No cases of mixed infections involving non-tuberculous mycobacteria and other organisms were encountered. Surprisingly, only 11 (50%) of the scrapings showed positive Ziehl-Nielsen acid fast staining. The Lowenstein-Jensen cultures, on the other hand, were positive for all 22 patients. This may be due to: (1) low numbers of organisms not adequately detected by the smear, but detected after 'amplification' provided by cultivation; (2) tendency by the clinician to prioritise the specimen for culture, rather than for simple smearing, when the available corneal inoculum is sparse; and/or (3) acid wash being too potent in the Ziehl-Nielsen method, leading to overdecolorisation of the organisms (see Discussion for alternative staining method, the Fite-Ferraco stain). This experience re-emphasised the importance of obtaining culture identification, rather than depending solely on the acid fastness criterion. Definitive mycobacteria were not seen on retrospective examination of the Gram stain specimens.
CLINICAL FINDINGS
In all cases, except for the one with underlying neurotrophic keratopathy, the patients complained of moderate pain and photophobia. Excruciating pain, characteristic of Acanthamoeba keratitis, was not encountered. Varying degrees of blurring were noted by the patients.
Clinical signs are listed in Table 1 . All patients showed persistent corneal epithelial defects and underlying inflammatory stromal infiltrates at various depths. Eight patients manifested a main stromal infiltrate surrounded either by discrete satellite infiltrates or fluffy extensions of the parent infiltrate. Six patients showed either a complete or partial ring infiltrate. Three patients manifested crystalline keratopathy, including two who had a cracked windshield stromal lesion (Fig 2) On examination, her visual acuity was 20/20 in the right eye and 20/200 in the left. Moderate conjunctival injection of the left eye was noted and slit-lamp biomicroscopy showed a 3 x 3 mm central corneal epithelial defect with a 'cracked windshield' anterior stromal infiltrate (Fig 2) .
We suspected non-tuberculous mycobacterial keratitis and immediately started the patient on hourly doses of topical amikacin 50 mg/ml. Our suspicion was confirmed 1 week later with the growth of M chelonei in the L6wenstein-Jensen medium. The organism was sensitive in vitro to amikacin. Resolution of the infiltrate appeared to come to a standstill after initial improvement the first 5 days. A very superficial lamellar keratectomy (essentially subepithelial) was performed 4 days later in order to debulk the infiltrate and to improve topical drug penetration. The cornea reepithelialised within 2 weeks and the patient was left with good uncorrected visual acuity of 20/40 in the left eye. A faint, mid-stromal scar remained in the cornea.
Discussion
Non-tuberculous mycobacteria are aerobic, non-spore forming, non-motile bacilli. Owing to the many differences in characteristics from the 'typical' M tuberculosis, non-tuberculous mycobacteria have been called atypical, anonymous, or unclassified.24 In the past, most nontuberculous mycobacteria were thought to be environmental saprophytes, widely distributed in soil and water, and incapable of producing clinical infections. Iritis with or without hypopyon was commonly observed in our patients. The degree of anterior chamber inflammation appears to parallel the gravity of the events in the cornea, and is probably a reactive phenomenon rather than infectious per se.
We did not encounter any cases of infectious scleritis in our series. The only reported case of non-tuberculous mycobacterial scleritis in the literature is a sclerokeratitis occurring contiguous to a limbal corneal infection.'7 None of the corneal infiltrates in our patients were peripheral enough to straddle the limbus.
In summary, non-tuberculous mycobacterial keratitis should be suspected in corneal ulcers developing after foreign body injuries (especially metallic ones), particularly if the ulcer is indolent and fails to respond adequately to common antibacterial, antifungal, antiviral, and antiparasitic drugs. Surgically acquired non-tuberculous mycobacterial infections, although less common, have the potential to occur in epidemic clusters in surgical facilities.89 Better awareness of the disease and improved familiarity with diagnostic and therapeutic methods are important factors in reducing the incidence of debilitating ocular damage from this infection. Misdiagnoses are common and may lead to crucial delays in therapy. The Fite-Ferraco stain should perhaps be used instead of the Ziehi-Nielsen stain.
L6wenstein-Jensen cultures should not be discarded after only 1 week, but should be retained for 4 weeks if necessary to allow colonies adequate time to grow. Although M chelonei andfortuitum are rapid growers on subculture, the initial isolation can be slow as seen in the three cases (5, 7, and 20) 
